embryonic epithelium. We have observed a contractile acto-myosin cable that functions during the serosa window closure. It forms as a 3D cable spanning the D-V axis of the embryo, initially demarcating the boundary between two extra embryonic tissues, the amnion and the serosa. It changes dramatically in shape over time, from a wiggly boundary to oval and circular shapes. Additionally, using laser ablations, we have seen that the cable increases in tension, which can be correlated with its shape becoming smooth in appearance over time. Finally, genetic perturbations(RNAi) Forcipomyia taiwana (Diptera: Ceratopogonadiae) is a tiny (1.4mm) blood-sucking midge. The bites of these midges cause intense pruritus and allergic response in sensitive individuals. In addition, the prevalence of F. taiwana not only affects the daily life of the residents but also has a direct impact on tourism. Nowadays, our knowledge toward the oogenesis of Ceratopogonidae is very limited. In this report, we characterized the ovarian structure and germ plasm components of F. taiwana. After having the blood meal, a distinct red-coloration in the developing ovaries was observed. Within the ovariole of meroistic polytrophic-type, each developing follicle contains an oocyte and a single nurse cell. In dipteran, the formation of germ cells during early embryonic development requires a preformed germ plasm depositing in specific regions of the oocyte. Through transcriptome analysis and in situ hybridization, we identified the expression of germ plasm components such as oskar and vasa. In contrast to current understanding; we identified three oskar paralogs in the genome of F. taiwana and two of them could be localized to the posterior pole of oocyte. F. taiwana Vasa (FtVasa) was detected as punctate structures around the peripheral of nurse cell nuclei reminiscent to Drosophila nuage that shares common components with germ plasm. Accordingly, we further proved that FtVasa could be localized to the nuage in the nurse cells of Drosophila egg chamber, and this suggests that FtVasa could be a bona fide germ plasm component. In a nutshell, our work represents a fundamental step in understanding both the ovarian structure of F. taiwana and the genes involved in its germ plasm assembly. The cerebellum is a highly functionally conserved brain subdivision found in vertebrates but, though much is known about its key developmental features in higher vertebrates, the mechanisms underlying its increasing complexity during vertebrate evolution are still poorly understood. Coupling micro-CT scans and 3D reconstructions together with classical molecular embryology we present new data on the development of the cerebellum and its cortex in two squamate reptile species, one snake (L. fuliginosus) and a lizard (P. vitticeps). Our analyses show that this brain subdivision is markedly different in the two models, both in its morphology and laminar structure. L. fuliginosus displays a reduced cerebellum, mainly developed in its medial portion, and an atypical scattered organization of cortical Purkinje Cells (PCs). The cerebellum of P. vitticeps is dorso-laterally expanded and, similarly to other amniotes, exhibits a well-ordered PC arrangement. To explore the origin and developmental mechanisms at the base of this diversity, comparative gene expression analysis was performed at different embryonic stages in both species. Interestingly, we found that squamate cerebella share a common repertoire of developmental strategies and molecular players so far considered as exclusive hallmarks of the foliated cerebellum of higher vertebrates such as birds and mammals, including proliferative External Granular Layer (EGL) formation and mitogenic Sonic Hedgehog secretion by PCs. However, our results also highlighted a shorten maintenance of L. fuliginosus EGL and suggest that the disordered PC layer in our snake model is due to defective interaction between the cytoskeletal remodeling inducer Reelin, secreted by GCs exiting the EGL, and PCs. Further investigations using organotypic embryonic slice cultures will help to better refine the molecular network responsible for the divergent cerebellar phenotypes observed in our models and, possibly, shed some light on the evolutionary dynamics of this brain subdivision. How can embryonic morphogenesis be evolutionarily conserved in spite of extensive divergence in coding and non-coding genome sequences? To address this question, we are working on the early development of two very divergent ascidians, Phallusia mammillata and Ciona intestinalis. These species share an almost identical early morphogenesis and stereotyped cell lineages. Remarkably, however, their genomes are divergent to the extent that their non-coding sequences cannot be aligned and gene order has not been conserved.
Forcipomyia taiwana (Diptera: Ceratopogonadiae) is a tiny (1.4mm) blood-sucking midge. The bites of these midges cause intense pruritus and allergic response in sensitive individuals. In addition, the prevalence of F. taiwana not only affects the daily life of the residents but also has a direct impact on tourism. Nowadays, our knowledge toward the oogenesis of Ceratopogonidae is very limited. In this report, we characterized the ovarian structure and germ plasm components of F. taiwana. After having the blood meal, a distinct red-coloration in the developing ovaries was observed. Within the ovariole of meroistic polytrophic-type, each developing follicle contains an oocyte and a single nurse cell. In dipteran, the formation of germ cells during early embryonic development requires a preformed germ plasm depositing in specific regions of the oocyte. Through transcriptome analysis and in situ hybridization, we identified the expression of germ plasm components such as oskar and vasa. In contrast to current understanding; we identified three oskar paralogs in the genome of F. taiwana and two of them could be localized to the posterior pole of oocyte. F. taiwana Vasa (FtVasa) was detected as punctate structures around the peripheral of nurse cell nuclei reminiscent to Drosophila nuage that shares common components with germ plasm. Accordingly, we further proved that FtVasa could be localized to the nuage in the nurse cells of Drosophila egg chamber, and this suggests that FtVasa could be a bona fide germ plasm component. In a nutshell, our work represents a fundamental step in understanding both the ovarian structure of F. taiwana and the genes involved in its germ plasm assembly. The cerebellum is a highly functionally conserved brain subdivision found in vertebrates but, though much is known about its key developmental features in higher vertebrates, the mechanisms underlying its increasing complexity during vertebrate evolution are still poorly understood. Coupling micro-CT scans and 3D reconstructions together with classical molecular embryology we present new data on the development of the cerebellum and its cortex in two squamate reptile species, one snake (L. fuliginosus) and a lizard (P. vitticeps). Our analyses show that this brain subdivision is markedly different in the two models, both in its morphology and laminar structure. L. fuliginosus displays a reduced cerebellum, mainly developed in its medial portion, and an atypical scattered organization of cortical Purkinje Cells (PCs). The cerebellum of P. vitticeps is dorso-laterally expanded and, similarly to other amniotes, exhibits a well-ordered PC arrangement. To explore the origin and developmental mechanisms at the base of this diversity, comparative gene expression analysis was performed at different embryonic stages in both species. Interestingly, we found that squamate cerebella share a common repertoire of developmental strategies and molecular players so far considered as exclusive hallmarks of the foliated cerebellum of higher vertebrates such as birds and mammals, including proliferative External Granular Layer (EGL) formation and mitogenic Sonic Hedgehog secretion by PCs. However, our results also highlighted a shorten maintenance of L. fuliginosus EGL and suggest that the disordered PC layer in our snake model is due to defective interaction between the cytoskeletal remodeling inducer Reelin, secreted by GCs exiting the EGL, and PCs. Further investigations using organotypic embryonic slice cultures will help to better refine the molecular network responsible for the divergent cerebellar phenotypes observed in our models and, possibly, shed some light on the evolutionary dynamics of this brain subdivision. How can embryonic morphogenesis be evolutionarily conserved in spite of extensive divergence in coding and non-coding genome sequences? To address this question, we are working on the early development of two very divergent ascidians, Phallusia mammillata and Ciona intestinalis. These species share an almost identical early morphogenesis and stereotyped cell lineages. Remarkably, however, their genomes are divergent to the extent that their non-coding sequences cannot be aligned and gene order has not been conserved.
We focus our attention on the behaviour of endoderm precursors throughout two important evolutionarily conserved developmental processes: initial fate specification and early gastrulation. We first compared by in situ hybridisation the transcriptional expression of orthologous regulatory genes in Phallusia and in Ciona. We found that the endodermal expression of 9 regulatory genes known to be involved in these developmental processes is qualitatively conserved between the two species.
To study how these genes conserved their regulation in spite of extensive non-coding sequence divergence, we collaborated with the Gomez-Skarmeta lab to map, by ATAC-seq, open chromatin regions in both species to identify active regulatory regions genomewide. Three quarters of the 40 open chromatin regions for endodermal genes behaved as active regulatory sequences by the larval stage, when tested by electroporation in embryos. Many of the tested sequences had conserved cis-regulatory activity in both species in spite of sequence divergence. We are currently identifying functional transcription factor binding sites in endodermal enhancers in both species to identify conserved upstream regulators shared between Phallusia and Ciona.
Taken together our results suggest that extensive transcription factor binding site turn over, without radical change in GRNs architecture, may explain the qualitative conservation of gene expression patterns between highly divergent ascidian genomes. Yale-NUS, Singapore
The melanin biosynthetic pathway is one of the major pigmentation pathways involved in animal coloring. The chemical end products and pigment precursor intermediates have been well studied, but the biological function and expression domain of several of the enzymes that catalyze each reaction step are still largely unknown. To address this knowledge gap, we used CRISPR/Csa9 to knock out the function of six melanin pathway genes in Bicyclus anynana, a butterfly displaying five main wing colors: white, yellow, and black in the eyespot regions, and brown and beige in the rest of the wing. We targeted Tyrosine hydroxylase (TH), dopa decarboxylase (DDC), yellow, ebony, tan, and arylalkylamine-N-acetyltransferase (aaNAT) genes. While some mutants had mostly color changes, others displayed changes in scale development, and in scale morphology. Non-pigmented white-scattering scales in the center of the eyespots require aaNAT gene to develop. The yellow color in the outer ring of an eyespot is determined by both ebony and tan function. The black of an eyespot is determined by TH, DDC, and yellow genes. Brown is determined by TH and DDC genes and beige is determined by TH, DDC, and ebony. By examining the altered mutant scales under FESEM we observed that in addition to changes in pigmentation they exhibited changes in morphology. These included changes in the spacing of longitudinal-ribs and cross-ribs and, in yellow mutants, novel membrane-like features covered the normally open "windows" of brown and black scales. We conclude that melanin pathway genes play a role in both pigment synthesis and in butterfly wing scale nanostructure development. The low-density lipoprotein receptor-related protein (LRP) 2 is implicated in the etiology of holoprosencephaly (HPE), one of the most common developmental anomalies. Humans with autosomal recessive LRP2 gene defects suffer from Donnai-Barrow syndrome with a variable range of forebrain defects including microforms of holoprosencephaly. Loss of LRP2 in mice causes HPE supporting the importance of this receptor for brain development. However, it is known that monogenetic mouse models of HPE show a variable spectrum of phenotypes dependent on their genetic background reflecting the highly variable penetrance of human HPE even within pedigrees. This aspect provides an impetus for investigating disease modifier genes.
Here we investigated disease modifier genes/ genetic pathways that may modulate the severity of HPE caused by LRP2 deficiency. First we examined the severity of HPE caused by Lrp2 deletion in mice on two different pure bred backgrounds, C57BL/6N and FVB/N. Interestingly, Lrp2-/-embryos on FVB/N background do not suffer from HPE and do not show deregulation of the sonic hedgehog pathway as it was seen in all Lrp2 mutants on C57BL/6N background.
To identify novel disease genes and genetic modifiers involved in this strain-dependent penetrance of HPE we analyzed the transcriptome in heads of E9.5 LRP2 deficient mice and wild types on the two different backgrounds by RNA deep sequencing.
Gene expression data analyses of Lrp2-/-and Lrp2+/+ embryos on C57BL/6N background revealed that 2170 genes were differentially expressed in the mutants compared to wild types whereas on an FVB/N background only 368 genes were affected in the mutants. We found that 138 genes were counter regulated comparing C57BL/ 6N and FVB/N. Further analyses of these deep sequencing expression data aim at revealing molecular mechanisms underlying the variability of HPE.
doi:10.1016/j.mod.2017.04.289
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Integration of distinct mechanisms in the segmentation of zebrafish pharyngeal endoderm; Insight into the evolution of the vertebrate pharyngeal system Kazunori Okada, Shinji Takada National Institute for Basic Biology, Okazaki, Japan Okazaki Institute for Integrative Bioscience, Okazaki, Japan
In the vertebrate head development, the segmentation of pharyngeal arches (PAs) is one of the most notable events organizing the fundamental pattern of the head development. During PA segmentation, endodermal outpocketings, called pharyngeal pouches (PPs), play a pivotal role for separating each PA. Due to the highly conserved PA architecture among vertebrate species, the development and evolution of various PA-derived organs, such as jaw, hyoid and gills, have been considered as outcomes of modifications of developmental programs by which an archetypical PA is differentiated to specialized organs. However, the mechanism of the development of PPs remains to be elucidated, especially in terms of the evolution of PP system. Generally, the first and second pouches (PP1 and PP2) are concurrently formed earlier than the posterior PPs. On the other hand, the PPs posterior to PP2 are sequentially formed in an anterior to posterior order. By precise live imaging of PP endoderm in zebrafish, we found that the rostral and caudal layers of PP2 were originally generated as two separate bulges, and then they came to coalesce to form a mature PP2. The fates of the initial bulges and the mechanisms controlling the respective bulges were clearly distinct, however, these are coordinately integrated to form a series of PAs. Notably, the rostral bulge of PP2 directly contributed to an opercular flap covering the posterior gills. This PP2 integration was not observed in lamprey, which does not possess jaw and opercular in the hyoid arch, and all PPs were sequentially formed as seem in the posterior PPs in zebrafish. Our findings revealed a novel insight
